This paper presents an enhanced Cell Visiting Probability (CVP) 
Introduction
Mobile wireless networks are facing extreme challenges in supporting a broad range of real time multimedia applications with diverse bandwidth requirements for audio, voice, video, and text data with quality-of-service (QoS) assurance, comparable with wired networks, under various traffic conditions [4] [5] [8] . Unlike their wired counterpart, the scarcity of bandwidth, roaming, and channel imperfections of mobile networks make QoS provision a far more challenging task. In order to support active users who are likely to visit a cell, i.e., to reduce the call dropping probability (CDP), its base station needs to implement a call admission control (CAC) scheme to reserve resources at the expense of increasing the possibility of denying new calls within the cell, i.e., increasing the call blocking probability (CBP) [2] [12] . Reservation of bandwidth, the most valuable resource, is a mandatory issue in all such schemes [3] [10] [11] [13] .
From the user's perspective, dropping an ongoing call is far less desirable than blocking a new call. However, the greatest challenge in designing any CAC scheme lies in its ability to estimate resource reservation requirements as accurately as possible so the increase in CBP is minimised without unnecessarily reducing the channel utilization. Channel utilization is expressed as the ratio of the total bandwidth in use to the minimum of the total bandwidth requested and the total bandwidth available.
Recent studies [1] [2][6] [7] have clearly established the importance of incorporating mobility parameters, such as speed, direction, and distance of mobile units, into the decision making process at different strategic levels, including the CAC scheme. The schemes in [1] [2][6] [7] , in general, consider mobility parameters to calculate the probability of visiting each active mobile unit from a neighboring cell to the current cell. Resource reservation requirements are then estimated based on this cell visiting probability (CVP). In the predictive mobility support CAC (PMSCAC) scheme in [1] , CVPs (referred as the directional probabilities [1] ) are calculated based on the predicted directions of the mobile units.
In this paper, a new mobility and survival probability based CAC (MSCAC) scheme is developed where the cell visiting probabilities are calculated using not only the mobility parameters but also the call survival behavior. The basic components of this scheme are: 1) a mobility and call survival probability based CVP model to support timed-QoS guarantees; 2) a shadow clustering model, based on the probability model, to represent the cells that are most likely to be visited by an active mobile unit; and 3) a CAC model to verify the feasibility of supporting a call within the shadow cluster.
Both abovementioned mobility based CAC schemes were evaluated extensively using a large-scale simulation, comprising real world road networks and mobile units capable of exchanging multimedia data such as voice, text, audio and video. It will be shown that the new MSCAC scheme clearly outperforms the PMSCAC scheme in the simulation results.
The paper is organized as follows. Section 2 explains the mathematical concepts for defining cell-visiting probability as proposed, while the formation of a shadow cluster model based on the CVPs is presented in Section 3. Section 4 provides guidelines for calculating the time window for reserving bandwidth; with the bandwidth reservation and allocation algorithms of the new MSCAC scheme being detailed in Section 5. Section 6 describes the simulation models and parameters while Section 7 presents simulation results to evaluate the performance of the new scheme. Finally, some concluding remarks are given in Section 8.
Cell visiting probability (CVP)
In order to efficiently support QoS guarantees through better utilization of bandwidth resource, it is important to measure the time-independent CVP, •
Directional probability
• A mobile unit moving at a low speed has a higher tendency to change direction than a mobile unit moving at a higher speed. Therefore, 
where v k log = is the speed factor and v is the speed of the mobile unit. Note that 
Call survival probability
The call survival probability,
P , , of an active mobile unit in cell i to visit cell j assists in setting up a boundary distance from the mobile unit's current position such that only the cells within this boundary distance reserve bandwidth for the concerned active call. Call survival probability has the following properties:
• The call survival probability decreases exponentially as the distance between the mobile unit and the centre of cell j (proportional to traveling time) increases as is evident from the curve generated by the normally distributed simulated data in Figure 2 .
• Rate of change in the call survival probability reaches the maximum at the distance, between the mobile unit and the center of cell j, corresponding to the mean talk time of mobile unit as observed from the curve generated by the simulated data shown in Figure 3 . 
is the sensitivity parameter set by the system administrator to handle the abrupt changes in communication system,
is the normalized distance error in state S, and
is the exponential average of the past square normalized distance errors, which is updated as follows:
Now, Survival prob for (6) Survival prob for simulated data probability in (6) is a close fit to the simulated real world data.
Combining the probabilities
The directional and call survival probabilities are correlated as both the probabilities are calculated using the speed of the mobile unit. Therefore, these two probabilities can be combined to calculate CVP,
is the tuning parameter to adjust the dependencies between the directional and call survival probabilities. 
Formation of a shadow cluster
For an active mobile unit, the directional probability distribution forms a conical shape as shown in Figure 4 , with the direction of the mobile unit acting as the major axis of the cone, where only the cells inside this shape should consider reserving any bandwidth for the mobile unit. The angle of any of the cone's two sides with the direction of the mobile unit for CVP threshold, ψ, can be measured from (1) 
Clearly, as the speed v of a mobile unit increases, the angle δ m decreases, and therefore, the area of the conical shape is reduced. Within this conical shape, defining a cut-off radial distance, R max , as shown in Figure 4 , forms a shadow cluster such that only the cells within this cluster will be reserving bandwidth for the mobile unit. By assuming a radial threshold,η, for the call survival probability, as shown in Figure 5 , the value of R max can be calculated from (6) as follows: Figure 5 . Maximum boundary distance, R max for survival probability threshold, η
Reservation time slot estimation
To estimate the reservation time slot in cell j of an active mobile x currently in cell i to visit cell j in its shadow cluster, the standard deviation of expected distance,
σ , is measured as follows:
The maximum expected distance, 
. (11) where R j is the radius of cell j.
Proposed CAC algorithms
The following steps are executed in reserving bandwidth for the proposed MSCAC scheme: 1. Whenever a mobile unit is activated in a cell (say cell i), a shadow cluster is calculated in the cell's base station and appropriate bandwidth reserve request messages are transmitted to the base stations of all the cells in the shadow cluster. Each request message carries the value of corresponding 
Simulation model description
A real time wireless environment, comprising of local, city, local/city roads, country roads, and freeways, was simulated for both the proposed MSCAC scheme and the PMSCAC scheme [1] . The simulation was developed in Java using a general-purpose discrete event simulation library SimJava [9] .
Each simulation was carried out for 24 hours of real time mobile communications within 39 cells of equal radius to analyze the effects on QoS parameters and the number of overhead message transmission caused by the underlying CAC scheme. The mobile units were allowed to travel at predefined speeds associated with the current locality or road with ±10% variations. The arrival rate of the new calls was assumed to have a Poisson distribution with an arrival rate of λ, while the call duration time was assumed to be exponentially distributed with mean 1/µ. Mobile units are considered capable of transmitting four different types of traffic-voice, text, audio, and video with respective probabilities of 0.5, 0.2, 0.2, and 0.1 and Bandwidth Unit (BU) requirement by each call 1, 2, 5, and 10 respectively. Table I summarizes the simulation parameters whose values were empirically selected to represent a realistic simulation scenario.
Simulation results
To avoid errors introduced due to unrealistic initial conditions, simulation results were collected only after the first 12 real-time hours when the simulation reached a quiescent state.
The new proposed MSCAC scheme is compared with the PMSCAC scheme [1] for call dropping rate, call blocking rate, and channel utilization under different traffic conditions. 
Call blocking rate
The comparative plots in Figure 6 show that the call blocking rate is nearly zero at very low traffic, but increases steadily with the increasing traffic loads for both PMSCAC and MSCAC so that at 1.0 call/min, the respective call blocking rate values are 0.24 and 0.21. This improvement continues up to a call arrival rate of 0.2 call/min and then remains approximately constant at 0.03.
Call dropping rate
From the comparison in Figure 7 , we observe that the call-dropping rate of the new MSCAC scheme is lower than PMSCAC scheme throughout the study. While the call dropping rate is zero at very low traffic, it soon increases for traffic loads of 0.16 call/min or higher in both cases, but the rate of increase for the PMSCAC scheme is higher than that of MSCAC before traffic loads 0.4 call/min and the difference remains almost constant at 0.014 thereafter. 
Channel utilization
The impact of bandwidth utilization in both cases is plotted in Figure 8 , which confirms the better bandwidth utilization of the MSCAC scheme compared with PMSCAC scheme. At very low traffic loads, there is no problem since the level of bandwidth used is almost equal to the amount of bandwidth requested which leads to 100% utilization. However, as traffic loads increase, some requests are denied for both schemes, which reduce the overall channel utilization. It is clear that channel utilization for PMSCAC decreases at a higher rate than that in the MSCAC scheme as traffic loads increase. 
Conclusions
This paper presented an enhanced cell visiting probability (CVP) model by integrating mobility parameters and the call survival behaviors of mobile units. Moreover, a mobility and call survival probability based call admission control (MSCAC) scheme is presented based on the CVPs estimated through this model to support increased timed-QoS guarantees for resourcedemand multimedia communication applications. The scheme uses directional probabilities, in terms of direction and speed, and the call survival probabilities, in terms of the call survival behavior and distance, to estimate the CVPs and the resource reservation time slots. A shadowclustering model has been implemented using the estimated CVPs to identify the most likely cells that an active mobile unit will visit. The scheme's bandwidth reservation and allocation algorithms have then been developed based on the shadow clusters and the reservation time slots. Using a simulation, the performance of this scheme was compared with the PMSCAC scheme [1] . Results have shown that the MSCAC scheme consistently outperforms the PMSCAC approach as the network traffic loads increase. 
